Exclusive semileptonic B decays into excited charmed mesons are studied with QCD sum rules in the leading order of heavy quark effective theory. 
I. INTRODUCTION
The heavy quark effective theory (HQET) [1, 2] is a useful tool to describe the spectroscopy and matrix elements of mesons containing a heavy quark. In the infinite mass limit, the spin and parity of the heavy quark and that of the light degrees of freedom are separately conserved. Coupling the spin of light degrees of freedom j ℓ with the spin of heavy quark s Q = 1/2 yields a doublet of meson states with total spin j = j ℓ ± 1/2. The ground state mesons with Qq flavor quantum numbers contain light degrees of freedom with spin-parity j have not been observed for the reason of being too broad. The properties of these lowest lying excited mesons have attracted attention in recent years. The mass and decay widths have been studied with potential model [3, 4] , relativistic Bethe-Salpeter equation [5] and QCD sum rules [6] [7] [8] .
Progress has been achieved recently in the studies of semileptonic B decays into excited charmed mesons (D 2 ). Semileptonic B decay into an excited heavy meson has been observed in experiments [9] [10] [11] [12] . With some assumptions, CLEO and ALEPH collaborations have reported respectively the branching ratios B(B → D 1 eν e ) = (0.56 ± 0.13 ± 0.08 ± 0.04)% and B(B → D 1 eν e ) = (0.74 ± 0.16)%, as well as the limits B(B → D * 2 eν e ) < 0.8%(90% C.L) and B(B → D * 2 eν e ) < 0.2% [10, 12] . Theoretically, HQET provides a systematic method for investigating such processes. The semileptonic B decay rate to an excited charmed meson is determined by the corresponding matrix elements of the weak axial-vector and vector currents. Heavy quark symmetries can be used to reduce the form factors parameterizing the matrix elements. In the infinite quark mass limit these matrix elements are described respectively by one universal Isgur-Wise function and vanish at zero recoil [13, 14] . Extensive investigation in [14] shows that the leading 1/m Q correction at zero recoil can be calculated in a model independent way in terms of the masses of charmed meson states.
The universal function embodies details of low energy strong interactions and cannot be calculated from first principles. It must be calculated in some nonperturbative approaches. For that purpose, there are many viable approaches, including different quark models [15] [16] [17] [18] [19] [20] [21] , relativistic Bethe-Salpeter equation [22] and QCD sum rules [23] [24] [25] [26] . In the present work we study the B semileptonic decays to excited charmed meson states (D 2 ) with QCD sum rule in the leading order of HQET. In particular we compute the relevant universal Isgur-Wise functions that describe such decays in the m Q → ∞ limit.
The remainder of this paper is organized as follows. In Section II we present the formulae of weak current matrix elements and of decay rates. In Section III we begin with a brief review on the interpolating currents for excited heavy mesons and on relevant sum rules for two-point correlators, then the sum rules for Isgur-Wise functions τ and ζ are derived. Section IV is devoted to numerical results and implications. Finally in Section IV we draw our conclusions.
II. ANALYTIC FORMULAE FOR SEMILEPTONIC DECAY AMPLITUDES
The theoretical description of semileptonic decays involves the matrix elements of vector and axial vector currents (V µ =c γ µ b and A µ =c γ µ γ 5 b) between B mesons and excited D mesons. For the processes B → D 1 ℓν and B → D * 2 ℓν, these matrix elements can be parameterized as
The form factors f i and k i are functions of y = v · v ′ . In the limit m Q → ∞ they can be expressed by a universal dimensionless function τ (y) [13, 14] .
Since the polarisation vector of the spin-one state D 1 and the polarization tensor of the spin-two state D * 
where g i are functions of y. At zero recoil the matrix elements are determined by g + (1) and g V 1 (1). In the infinite mass limit form factors g i can be written in terms of a single function ζ(y) [13, 14] ,
Note that the notations of Ref. [14] have been used here. τ is √ 3 times the function τ 3/2 of Ref. [13] , while ζ is two times the function of τ 1/2 . All of these matrix elements of the weak currents vanish at zero recoil y = 1, since the B meson and the (
mesons are in different heavy quark spin symmetry multiplets, and the current at zero recoil is related to the conserved charges of heavy quark spin-flavor symmetry.
The differential decay rates are given by (taking the mass of the final lepton to zero)
where
III. SUM RULES FOR ISGUR-WISE FUNCTIONS τ AND ζ
A. Interpolating currents for heavy mesons of arbitrary spin and parity and two-point correlation function
A basic element in the application of QCD sum rules to excited heavy mesons is to choose a set of appropriate interpolating currents in terms of quark fields each of which creates (annihilate) a definite excited state of the heavy mesons. The proper interpolating current J α 1 ···α j j,P,j ℓ for the state with the quantum number j, P , j ℓ in HQET was given in [7] . These currents have nice properties. They were proved to satisfy the following conditions
in the m Q → ∞ limit. Where η α 1 ···α j is the polarization tensor for the spin j state, v is the velocity of the heavy quark, g
β is the transverse metric tensor, S denotes symmetrizing the indices and subtracting the trace terms separately in the sets (α 1 · · · α j ) and (β 1 · · · β j ), f P,j ℓ and Π P,j ℓ are a constant and a function of x respectively which depend only on P and j ℓ . Because of equations (9) and (10), the sum rules in HQET for decay amplitudes derived from a correlator containing such currents receive contribution only from one of the two states with the same spin-parity (j, P ) in the m Q → ∞. Starting from the calculations in the leading order, the decay amplitudes for finite m Q can be calculated unambiguously order by order in the 1/m Q expansion in HQET.
In the following we focus our attention on the semileptonic decays,
The relevant doublets to be considered are ground states and lowest lying positive parity states, namely, doublets (0
The currents for creating 0 − and 1 − are usual pseudoscalar and vector currents
As pointed out in [7] , there are two possible choices for currents creating 0 + and 1 + of the
or
where D is the covariant derivative. Similarly, there are two possible choices for the currents creating 1 + and 2 + of the doublet (1
Another choice is obtained by adding a factor −i / D t to (16) and (17) . Note that, without the last term in the bracket in (16) the current would couple also to the 1 + state in the
Usually, the currents with the least number of derivatives are used in the QCD sum rule approach. However, there is certain motivation for using the currents (14) , (15) for the doublet (0 + , 1 + ) for the reason that in the non-relativistic quark model, the doublets (0 + , 1 + ) are orbital p-wave states which correspond to one derivative in the space wave functions. Therefore, we shall consider both the currents (12), (13) and (14), (15) for the doublet (0
For the ground state heavy mesons, the sum rule for the correlator of two heavy-light currents is well-known. It is: [2, 25] 
For the doublet (0 (14), (15) are used the sum rule (same for the two states) after the Borel transformation is found to be [7] f ′ 2 +,
The corresponding formula when the current J 0,+,2 and J 1,+,2 in (12) and (13) 
When the currents (16) and (17) are used the sum rule for the (1 + , 2 + ) doublet is found to be [7] f 2 +,
Here m 2 0= qgσ µν G µν q . Above results will be used in the following sections.
B. sum rules for τ and ζ
For the ampltudes of the semileptonic decays to excited states in the infinite mass limit, the only unknown quantities in the expressions (5)- (8) are the universal functions τ (y) and ζ(y). Let us first consider the Isgur-Wise function τ . In order to calculate this form factor using QCD sum rules, one studies the analytic properties of the three-point correlators
"off-shell" momenta which are related to the momenta P of the heavy quark in the initial state and P ′ in the final state by 
where f P,j ℓ are constants defined in (9),Λ P,j ℓ = m P,j ℓ − m Q . As the result of equation (9), only one state with j P = 1 + or j P = 2 + contributes to (23) , the other resonance with the same quantum number j P and different j l does not contribute. This would not be true for (16) is absent.
Using the expression for the heavy quark propagator dtδ(x − vt)(1 + / v)/2 in HQET the correlators in (22) have the following form
where Γ and Γ ′ are functions of Dirac matrices and covariant derivatives appearing in the definations of the currents. For ω and ω ′ in the deep Euclidian region the integral is dominated by small values of t 1 and t 2 . As usually done in QCD sum rule approach, ω and ω ′ are analytically continued to the deep Euclidian region. Therefore OPE in the short distance can be applied to the above expression for any value of y not much larger than 1. This is because, for small t 1 , t 2 and y of the order O(1), all components of vt 1 and v ′ t 2 can be made small by choosing the rest frame of B. In our case the maxima value of y is less than 1.5. Therefore Ξ(ω, ω ′ , y) in (22) can be approximated by a perturbative calculation supplemented by nonperturbative power corrections proportional to the vacuum condensates which are treated as phenomenological parameters. The perturbative contribution can be represented by a double dispersion integral in ω and ω ′ plus possible subtraction terms. We find that the theoretical expression for the correlator has the form:
Following the standard QCD sum rule procedure the calculations of Ξ(ω, ω ′ , y) are straitforward. Confining us to the leading order of perturbation and the operators with dimension D ≤ 5 in OPE, the relevant Feynman diagrams are shown in Fig 1. The perturbative part of the spectral density is
The QCD sum rule is obtained by equating the phenomenological and theoretical expressions for Ξ. In doing this the quark-hadron duality needs to be assumed to model the contributions of higher resonance part of Eq. (23) . Generally speaking, the duality is to simulate the resonance contribution by the perturbative part above some threshold energys. In the QCD sum rule analysis for B semileptonic decays into ground state D mesons, it is argued by Neubert and Shifman in [2, 24, 25] that the perturbative and the hadronic spectral densities can not be locally dual to each other, the necessary way to restore duality is to integrate the spectral densities over the "off-diagonal" variableω − = (ω −ω ′ )/2, keeping the "diagonal" variableω + = (ω +ω ′ )/2 fixed. It is inω + that the quark-hadron duality is assumed for the integrated spectral densities. We shall use the same prescription in the case of B semileptonic decays into excited state D mesons. The Θ functions in (25) imply that in terms ofω + andω − the double discontinuities of the corrrelator are confined to the region − √ y 2 − 1/(1 + y)ω + ≤ω − ≤ √ y 2 − 1/(1 + y)ω + andω + ≥ 0. According to our prescription an isosceles triangle with the baseω + =ω c is retained in the integation domain of the perturbative term in the sum rule.
In view of the asymmetry of the problem at hand with respect to the initial and final states one may attempt to use an asymmetric triangle in the perturbative integral. However, in that case the factor (y 2 − 1) 3/2 in the denominator of (25) is not canceled after the integration so that the Isgur-Wise function or it's derivative will be divergent at y = 1. Similar situation occurs for the sum rule of the Isgur-Wise function for tansition between ground states if a different domain is taken in the perturbative integal [25] . In order to supress the contributions of higher resonance states a double Borel transformation in ω and ω ′ is performed to both sides of the sum rule, which introduces two Borel parameters T 1 and T 2 . For simplicity we shall take the two Borel parameters equal:
In the following section we shall estimate the changes in the sum rules in the case of T 1 = T 2 . After adding the non-perturbative part and making the double Borel transformation one obtains the sum rule for τ as follows 
We now turn to the study of ζ(y). To obtain QCD sum rules for this Isgur-Wise function one starts from three-point correlators
the inserting of vector current in (27a) vanishes. As mentioned above there are two possible choices for the currents creating 0 + and 1 + of the doublet (0 + , 1 + ). Let us first consider the sum rule by using the interpolating currents (14) and (15) with derivative. The perturbative part of the spectra density is found to be
With the same procedure the resulting sum rule for ζ takes the form
When the currents (12) and (13) without derivative are used, there is no diagram shown in Fig (c) . The evaluation of the perturbative graph gives the spectral density
After rewriting the spectral function in terms ofω ± , performing the double Borel transformation and the integral overω − in the confined region, we find that the perturbative contribution vanishes for T 1 = T 2 . Therefore, the sum rule in this case is not a good one. We shall not use it in the numerical analysis in the following.
We end this subsection by noting that the QCD O(α s ) corrections have not been included in the sum rule calculations. However, the Isgur-Wise function obtained from the QCD sum rule actually is a ratio of the three-point correlator to the two-point correlator results. While both of these correlators subject to large perturbative QCD corrections, it is expected that their ratio is not much by these corrections significantly because of cancelation. This has been proved to be true in the analysis for B semileptonic decay to ground state heavy mesons [25] .
IV. NUMERICAL RESULTS AND IMPLICATIONS
We now turn to the numerical evaluation of these sum rules and implications. For the QCD parameters entering the theoretical expressions, we take the standard values
In the numerical calculations we use the physical masses for B, D 1 and D * 2 [27] . Whereas for D ′ 0 and D ′ 1 we take the theoretical mass values of the doublet in the leading order obtained in [7] . Therefore we use
as well as V cb = 0.04. In order to obtain information for τ (y) and ζ(y) from the sum rules which is independent of specific input values of f 's andΛ's, we adopt the strategy to evaluate the sum rule by eliminating the explicit dependence on the parameters f 's andΛ's by using the sum rules for the correlator of two heavy-light currents. Dividing the three point sum rules in (26) and (29) by the square roots of relevant two point sum rules in (18), (19) and (21), we obtain expressions for the τ and ζ as functions of the Borel parameter T and the continuum thresholds. This procedure may reduce the systematic uncertainties in the calculation.
Let us evaluate numerically the sum rules for τ (y) and ζ(y). Imposing usual criterium for the upper and lower bounds of the Borel parameter, we found they have common sum rule "window": 0.7 < T < 1.1, which overlaps with those of two-point sum rules [25, 7] . Notice that in the case of transiton between ground states the normlization of the Isgur-Wise function at zero recoil leads to the requirement that the Borel parameter T 1 = T 2 ≡ 2T . That is, the Borel parameter in the sum rule for three-point correlators is twice the Borel parameter in the sum rule for the two-point correlators. In Fig. 2 , we show the range of predictions for τ (y) and ζ(y) obtained by varying the continuum thresholds ω c , ω c0 , ω ′ c1 and ω c2 , and fixing the Borel parameter at T = 0.9. In the evaluation we have taken 2.0 < ω c < 2.5, 1.9 < ω c0 < 2.4, 2.3 < ω ′ c1 < 2.8 and 2.5 < ω c2 < 3.0. Where ω c0 , ω ′ c1 and ω c2 are relevant two-point sum rule continuum thresholds defined in (18) , (19) and (21), their ranges are determined by two-point sum rule analysises [25, 7] . The results are stable against reasonable variations of these parameters.
The resulting curves for τ (y) and ζ(y) may be well parameterized by the linear approximations
The errors reflect the uncertainty due to ω's and T . We have estimated the variations of Isgur-Wise functions at zero recoil in the case of T 1 = T 2 . After Borel transformation the weight function in the dispersion integrals is
We found that for T 2 = 3T 1 /2 the value of τ (1) increases about 10%, while the value of ζ(1) increases about 30%. The variations are slower for T 1 larger than T 2 . This gives us the uncertainties of the results within reasonable region of T 1 /T 2 .
The numerical values of τ and ζ at zero recoil are compared with other approaches in Table I . For τ we find a broad agreement with some of the constituent quark model results, whereas for ζ we only agree with [21] .
Using the forms of linear approximations for τ (y) and ζ(y) we can compute the total semileptonic rates and branching rations. The maximal values of y in the four cases are y 
We found that the semileptonic decay into j ℓ = 1 + /2 is strongly suppressed. The decay widths to it are about one order of magnitude smaller than ones into j ℓ = 3 + /2. This predicted suppression needs to be checked in the future experiment.
In Table II we present our results for the branching ratios of B semileptonic decays to lowest lying positive parity charmed mesons. We have taken τ B = 1.62 ps. The ratio of the two semileptonic rates for B decays into D 1 and D * 2 mesons is
We are now at the position to compare the theoretical predictions with the available experimental data. Recently the ALEPH and CLEO collaborations reported the measurement of the branching ratios for semileptonic B decay to excited D mesons. For B → D 1 ℓν the average value of their results is
The B → D * 2 ℓν branching ratio has not yet been determined. CLEO set the limit B(B → D * 2 ℓν) < 0.8% [10] , while ALEPH found B(B → D * 2 ℓν) < 0.2% [12] . Our prediction for R is larger than available experimental data though we agree with the upper CLEO limit for D * ) corrections can be found in Refs. [14] , which indeed enhance the rate to B → D 1 ℓν and lead to the expection that its branching ratio is greater than that for B → D * 2 ℓν.
V. CONCLUSION
In this work we have presented the investigation for semileptonic B decays into excited charmed mesons. Within the framework of HQET we have evaluated the universal IsgurWise functions τ (y) and ζ(y) by using QCD sum rules in the leading order of α s . The τ (y) and ζ(y) functions can be well fitted by linear approximations τ (y)(ζ(y)) = τ (1)(ζ (1) We list here the lorentz structures used in the paper. 
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